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Introduction
Agriculture contributes to fossil fuel consumption and, therefore, to air pollution, in a relevant way even though less than in other sectors of production. On the other hand, agriculture is strategic in the development of renewable sources of energy thanks to both the energy crops cultivations and the availability of large areas, usually not present in the urban areas, that can be utilized to host wind or solar power plants. Furthermore, all the agricultural activities produce different kinds of wastes (residual from cultivation and processing of the agricultural products, manure, etc.) usable as biomass for energy production. Biomass can be used as such or converted in solids, liquid or gaseous biofuel (pellet, biodiesel, biogas, etc.) for the production of electric power, heat or both in cogeneration.
A large number of studies focused on the characterization of various kinds of biomass for energetic purposes. Some researchers [Gray 1996; El Bassam 1998; Kalembasa 2005 ] concentrate on an physicchemical analysis and on the calorific value of energy crops. In another study [Todaro 2007 ] an evaluation of energetic characteristics of 12 indigenous tree and shrub species of Southern Italy (Basilicata Region) was carried out.
Other authors [Núñez-Regueira 2001a; Núñez-Regueira 2001b] pointed out the biomass originating from forest waste, evaluating by laboratory trials the calorific values and the main physic and chemical properties of several hardwood forest species in Galicia (Spain).
Recently [Erol 2010 ] some formulae were developed for estimating the calorific values of 20 different types of biomass from their proximate analyses data.
However, no work in the literature focuses on the laboratory determination of calorific values and of physic and chemical properties of biomass originating from floriculture waste.
In Italy [ISTAT 2005 ] floriculture covers a surface of about 6440 ha with a production of more than 4200 millions of pieces. Specifically, Sicily is one of the most productive Italian regions with a cultivated surface of about 818 ha and a production of more than 508 millions of pieces. Among the different cut flowers produced in Italy, roses are the first for cultivated surface with about 1220 ha and the second, after carnations, for production with more than 750 millions of pieces.
The present paper aims to characterize the waste biomass originating from a soilless rose cultivation under greenhouse through the determination of some chemical and physical parameters that are meaningful for energetic processes. In detail, laboratory trials allowed the determination of both gross and net calorific values, percentage of carbon, hydrogen and nitrogen as well as moisture content, volatile content and ashes.
This work was carried out within a research aimed at the evaluation of energy consumption and at the opportunity of using renewable sources in a farm for greenhouse cultivation and packaging of roses [Buccellato 2008] .
Materials and methods
The farm where the biomass was taken is located (36°57' N, 14°29' E) in the municipal district of Vittoria, province of Ragusa, that is an area of Sicily intensely dedicated to horticulture and floriculture under greenhouse. The production is carried out inside two tunnel greenhouses with steel structures, covering a surface of about 4120 m 2 and 4850 m 2 , respectively.
Both the greenhouses are covered by corrugated panels: the first one is covered by polymethyl methacrylate (PMMA) panels, the second one by glass fiber reinforced polymer (GFRP) panels. Each greenhouse is equipped with an evaporative cooling plant and screening nets (shading factor 60%). The growing system is an open soilless one, whereas the substrates used are volcanic lapillus, pumice and perlite. The substrates are not mixed together, but used separately in different benches. The farm is also provided with a plant for the packaging of the roses.
The farm produces considerable quantities of biomass that originate from the wastes due to both the cultural practices (about 3 t/ha/year) and the selection and defoliation during packaging (about 4 t/ha/year). These wastes are periodically disposed in an authorized tip.
The biomass used in this study for the laboratory trials, composed of branches and leaves of roses (about 4 kg), was randomly picked from fresh waste at the end of February 2008 and exposed to open air in suitable containers for 10 consecutive sunny days in order to allow a natural reduction of its moisture content. Afterwards, the samples remained in the laboratory of the Department of Agricultural Engineering of the University of Catania until April 1 st 2008. On that date they were transferred to the laboratory of the Biomass Research Centre (CRB) of the University of Perugia where the trials were carried out.
Two kinds of samples were examined, aiming to determine the influence of the leaves on the calorific value of the biomass: the sample named C1 ( fig. 1a ) was made of both branches and leaves, whereas the sample named C2 ( fig. 1b) was made of only branches.
The trials were carried out using the following instruments issued to the CRB laboratory: -Heavy-duty cutting mill RETSCH SM 2000 -Elemental determinator LECO TruSpec CHN -Thermogravimetric Analyzer LECO TGA-701 -Calorimeter LECO In detail, the elemental determinator was used to determine the percentage of carbon, hydrogen and nitrogen of the biomass. The thermogravimetric analyzer allowed to determine moisture content, volatile content and ashes. The calorimeter was used for the determination of the gross calorific value of the biomass.
In order to prepare the samples for the trials, the chopping of the samples was carried out using the cutting mill. A sieve with conidur holes of 1 mm diameter was chosen as it was judged the most suitable for the subsequent analyses with the other instruments.
All the trials with the elemental determinator were carried out according to the ASTM D5373: Standard Test Methods for Instrumental Determination of Carbon, Hydrogen, and Nitrogen in Laboratory Samples of Coal. Each trial provides that a sample of biomass, previously weighed with a precision balance (model Scaltec SBC 22) , is combusted at 950°C in the primary furnace with a controlled atmosphere having a high content of oxygen. The products of combustion pass in a secondary furnace at 850°C where they are completely oxidized and separated from the particulate. The gases obtained by the combustion are collected in a container where they are homogenized and sent to two infrared detectors to measure the carbon dioxide and the water vapour from which the content of carbon and hydrogen are determined. A quantity of 3 cc of gas is transferred to a circuit of helium flux, then to a copper catalyst for the reduction of NO x in N 2 , subsequently to filters for the removal of carbon dioxide and water vapour and, finally, to a thermal conductivity detector to measure the nitrogen content.
The standards used in the trials carried out by the thermogravimetric analyzer for the determination of the moisture content, ashes and volatile content were CEN/TS 14774-1:2004 (Solid biofuels -Methods for determination of moisture content -Oven dry method In a thermogravimetric analysis the weight changes of a sample in relation to temperature changes in a controlled atmosphere are continuously recorded. Subsequently, the crucibles of the instrument are loaded with the biomass, the trial starts and it develops in three steps. Firstly, the moisture content is determined. The temperature inside the instruments rises up to 105°C and the sample is weighed continuously by the instrument itself. The first step ends when the difference between two subsequent measures of the sample weight is lower than 5%. Secondly the volatile content is measured. In this step the temperature is set at 950°C for a fixed time of 7 minutes. Finally the quantity of ashes is determined. The temperature varies from 350°C to 550°C and the trial ends when the difference between two subsequent measures of the sample weight is lower than 5%. The instrument also calculates the percentage of the fixed carbon of the sample subtracting from the total the percentage of moisture content, volatile content and ashes.
The calorimeter LECO AC-350 allows to measure the gross calorific value of biomass using the isoperibol method according to the standards defined by ASTM, ISO, DIN and BSI. Specifically, the trials were carried out following the CEN/TS 14918/2005 (Solid Biofuels -Method for the determination of calorific value). The gross calorific value determined by the calorimeter refers to the biomass "as such" that is to the matter with its moisture content at the moment of the trial.
The procedure provides the setting of a calorimetric Mahler-bomb ( fig. 2 ) consisting of a steel cylinder closed by an airtight screw-cap that carries the crucible, two electrodes and a valve for the inflow of oxygen. The crucible is filled with the biomass, previously weighed by the precision balance, whereas the electrodes are linked each other with a nickel wire 10 centimetres long. The Mahler-bomb is hermetically closed and filled with oxygen at 28.9 atm. Subsequently the bomb is placed into a bucket containing 2 litres of a thermostatic liquid (usually pure water). Finally, the bucket is contained inside a vessel (jacket) also containing a thermostatic liquid which temperature, being the calorimeter an isoperibol one, is kept constant throughout the whole experiment. In detail this temperature was fixed at 22°C that was a value always higher of the temperature of the bucket at the beginning of the trial.
Connecting the electrodes, the sample is burned increasing the temperature of the water inside the bucket. A stirrer produces turbulent motions that keep uniform the temperature of the water inside the bucket. The temperature variation of water is measured every six seconds by a Beckmann electronic thermometer with an accuracy of 0.0001°C. The calorific value of the biomass is determined measuring the temperature change caused by the combustion in order to calculate the heat released in the process. Due to the heat exchanges between the bucket and the jacket a correction of the temperature rise measured during the trial is required. For this aim the Regnault-Pfaundler method was adopted.
The gross calorific value obtained from the instrument must be corrected as the combustion of the nickel wire inside the Mahler-bomb must be considered subtracting the produced heat. Measuring the length of the un-burnt fragments of the wire, the length of the combusted part can be easily calculated and provided as input to the instrument that gives as output the corrected gross calorific value.
The gross calorific value, obtained for the biomass with its original moisture content, is then calculated as referred to dry biomass using the following equation: The most common combustion plants cannot use the water vapour produced by the fuel during combustion. Therefore the most used property for the characterization of a biomass is the net calorific value.
According to the UNI 9017 standard, the net [ 100 ] 100-W calorific value was calculated with the following equation [Buratti, 2005] : [%] : percentage in weight of the hydrogen contained in the sample on dry basis.
The number 9 is the approximate value of the ratio between the molecular weights of the water and of the hydrogen.
The value of H db was calculated measuring the percentage of hydrogen in the biomass "as such" H wet through the elemental determinator and applying an equation formally identical to (1).
Each trial was carried out on three samples of both C1 and C2 biomass.
Results and discussion
The results of the laboratory trials carried out with the thermogravimetric analyzer are showed in table 1 that reports the value of the moisture content W, of the volatile content on dry basis V db and of the ashes on dry basis A db of each sample of tested biomass together with their respective mean values.
As regards the moisture content, the results of the three samples for each type of biomass are very similar, whereas the moisture content in the C1 biomass is slightly higher (about 5%) than in the C2 biomass. The small entity of the difference in the moisture content between the two types of biomass is related to the drying they were subjected to during the 10 days of exposure to open air just after the picking.
On the contrary, the results of ash concentration show a difference of about 20% between the value measured in the C1 and C2 biomass. This result is in agreement with other authors [El Bassam, 1998; Gray, 1996; Todaro, 2007] who report for various kinds of biomass a content of ashes in leaves higher than in branches or in stems. Both the values obtained for the two type of samples are inside the wide range (0.5% ÷ 12%) measured in different biomass. However, both the values are considered relatively high in a combustion process causing important dust emissions and influencing the heat exchanger design and its cleaning system [van Loo 2008] .
The results of the laboratory trial carried out with the elemental determinator are showed in table 2 that reports the value of hydrogen, nitrogen and carbon content measured for each sample of tested biomass, together with their respective calculated mean values both "as such" and on dry basis.
As regards the value of hydrogen content, the results show that there is no appreciable difference between the two different types of biomass and that the values are similar to that of biomass from other plants [Kalembasa 2005 ].
On the contrary, the results reported in table 2 show a nitrogen content in C1 much higher than in C2 due to the presence of protein in foliage [Vidrich 1988 ]. In detail the difference is of 43.2% for the mean values calculated "as such" (N wet ) and rises up to 46.6% for the mean values calculated on a dry basis (N db ). This result is in agreement with other studies [El Bassam, 1998 ] carried out with other types of vegetal biomass.
Other data [Regione Campania 2005] measured in some variety of roses from soilless cultivation on perlite and lapillus substrate report N db values equal to 1.74% for branches and to 3.51% for foliage. Assum- ing that the N db value for a sample composed of both branches and foliage can be estimated in 2.62% obtained as the average of the respective value, it is evident the perfect agreement of the data with the results exposed in table 2. It is important to notice that even if these values are higher than the one reported for other vegetal biomass [Todaro 2007 ], they are consistent with roses, being the optimal concentration values of nitrogen in the foliage included in the range 3% ÷ 5% [Regione Campania 2005] . Consequently, the nature of the plant imposes a nitrogen content higher than other vegetable waste currently used as biomass.
The issues connected to a high content of nitrogen are related to the generation of nitrogen oxides during combustion that requires the setting of specific systems for smoke treatment.
With regards to the carbon content, table 2 shows very similar values in C1 and C2 biomass, both in agreement with the ones measured for other types of vegetal biomass [Todaro 2007] .
From table 2 the calculation of the carbon to nitrogen ratio (C/N) for the C1 and C2 biomass gives 17.7 and 25.6, respectively. Therefore only the C2 biomass have a C/N ratio near 30 that is the suggested threshold value for thermo-chemical processes.
The results of the laboratory trials for the measurement of the gross calorific value GCV wet , determined with the calorimeter, are reported in table 3 for the biomass samples of both the types C1 and C2, together with the weight of each sample.
The results in table 3 show that the biomass of C2 type has a greater GCV wet than the C1 type. In detail, the mean of the GCV wet value calculated on the results of three trials for the C2 type was 8.3% higher than the one of the C1 type, being equal to 17870 Jg -1 and 16470 Jg -1 , respectively. This result could be related mainly to the ash content that in C1 type is higher than in C2 type, because an increase in ash content translates in a decrease of heating values [Jenkins 1998 ].
In order to obtain the net calorific value on dry basis NCV db it is firstly necessary to calculate the mean value of the gross calorific value on dry basis GCV db using (1). Subsequently, from the knowledge of the mean value of the hydrogen content, the calculation of the mean value of NCV db was performed using . The results are reported in table 4. The comparison of this table with table 3 shows that the difference between GCV db and GCV wet for biomass type C1 and C2 is of 1969 Jg -1 and 2033 Jg -1 , respectively. Furthermore, being the moisture content of the C1 and C2 biomass similar to each other, also the percentage difference in the GCV db values between the two types of biomass remains almost the same as in GCV wet being equal to 7.8% in comparison to an 8.3%.
As regards the net calorific value on dry basis NCV db , the results showed in table 4 are in according to data reported in literature for other types of plants [Todaro 2007 ] as well as for various types of vegetable waste ranging between a value of 16500 Jg -1 for biomass from pruning and of 18000 Jg -1 for biomass from nurseries [Arioli 2009 ]. The results also show that the NCV db value of the C2 biomass is 8.6% higher than the C1 biomass.
Conclusions
Among the different cut flowers produced in Italy, roses are the first for cultivated surface with about 1220 ha. Estimating an amount of about 7 t/ha/year of waste originated from both the cultural practices during cultivation (about 3 t/ha/year) and the selection and defoliation during packaging (about 4 t/ha/year) the whole waste production can be evaluated in about 8540 t/year.
These wastes, at the same time, are a problem due to the need of their disposal and an opportunity to reduce the dependence from fossil fuels, if used as biomass for energetic purpose.
To achieve this aim, a characterization of the biomass through the determination of those chemical and physical parameters that are meaningful for energetic processes is necessary. However, no work in the literature was found on the laboratory determination of calorific values and of physic and chemical properties of waste biomass from rose cultivations.
In this paper a first contribution to the characterization of the waste biomass originating from a soilless rose cultivation under greenhouse was performed and presented. Two kinds of biomass were examined: the biomass named C1, made of both branches and leaves, and the biomass named C2, made up only of branches. Summarizing the results it emerges that both biomass C1, made of branches and foliage, and biomass C2, made of only branches, have a good calorific value and that the biomass C2 has better properties than the biomass C1. Indeed, the biomass C2, in addition to a higher net calorific value on a dry basis, also has a lower nitrogen content and a lower ash content than the biomass C1.
Furthermore, the biomass C1 has a value of C/N ratio that is too low to be used in thermo-chemical processes. Although the biomass C2 has a value of C/N ratio slightly lower than the suggested one, it could be used in thermo-chemical processes thanks to its low moisture content, provided that particular attention is paid to the design of the NO x reduction system.
SUMMARY
In this work a characterization of the waste biomass originating from a rose cultivation under greenhouse was carried out. Two types of biomass were examined: one made of both branches and leaves, and the other made up only of branches. For each type of biomass the following properties were determined: percentage of carbon, hydrogen and nitrogen, content of moisture, volatile matter and ashes, gross and net calorific value. The results show that the biomass made of only branches has a better quality than the biomass with leaves for use in thermo-chemical processes.
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